Military significance of Q fever: a review! Lt Col A J Spicer MRCP DTM&H Queen Elizabeth Military Hospital, Stadium Road, Woolwich SE18 6XN The purpose of this paper is to give an account of the known military epidemics of Q fever in order to draw attention to a continuing potential problem and, in the light of the findings, to make recommendations for preventive measures for military units under field conditions.
From December 1974 to June 1975 British soldiers stationed in the Eastern Sovereign Base Area of Cyprus contracted Q fever. Investigation revealed an abortion epidemic involving 21 mixed flocks of sheep and goats in the south-eastern coastal region. Eleven of these flocks grazed in and around the Sovereign Base Area, most of them seeking refuge from the Turkish invasion. A serological survey, and experience from previous years, indicated that the abortion epidemic was the result of infection with Coxiella burneti. Infection in the humans was almost certainly acquired by inhalation of dust from brush contaminated with the rickettsial placentae of the aborting flocks. A human serological survey revealed an asymptomatic epidemic in a largely immune local population . The great majority of previous military outbreaks occurred during the 1939-45 war and in the early years afterwards. The nature of these outbreaks was not appreciated at the time and they were assigned to the broad classification of primary atypical pneumonia. Even in those recorded outbreaks when Q fever was subsequently proven, the manner of acquiring the infection was undetermined. Many thousands of troops in the Mediterranean countries, the Balkans and Southern Europe, among both the German and Allied forces, are now known to have suffered from the disease. Many thousands more will certainly have been affected, but either have gone unrecorded or were designated as having primary atypical pneumonia. The majority of the combatants in some units were simultaneously incapacitated and military efficiency must have been seriously impaired. Kaplan & Bertagna (1955) demonstrated that Q fever exists in at least 51 countries on 5 continents, and there can be no doubt that it is a potential hazard anywhere in the world where infected animals graze in the vicinity of troop concentrations. A single inhaled organism is sufficient to cause the disease in man (Tiggert & Benenson 1956) , and I g of infected placental tissue may contain as many as one billion bacteria (Welsh et al. 1959 ). Furthermore, of the known nonsporogenic microorganisms, Coxiella burneti is one of the most resistant to adverse chemical and physical agents, and it may be wind-borne long distances from the site of deposition (Clark et al. 1951 , Babudieri 1952 . Apart from an incomplete account by Lods & Darbon (1957) , there is no record of preventive measures ever having been taken against the disease in a military situation. disease and noted that 41 0 0 developed pneumonia. Fever lasting 78 days was accompanied by malaise, headache, joint pains and cough which was occasionally productive of bloodstained sputum. The erythrocyte sedimentation rate was commonly raised, whilst the white blood cell count was almost always normal.
Hirt & Bauer (1941) studied a similar epidemic among German troops in Serbia, northern Yugoslavia; 102 cases of pneumonia were admitted to hospital between late April and early June. They noted a disparity between usually minor physical signs of pneumonia and extensive consolidation often seen on X-ray. No cases occurred in the local population. Dennig (1947) recorded that in the early part of 1941, among German troops in Bulgaria, Italy, Crimea, Greece, Ukraine, Corsica and Yugoslavia, there was a widespread epidemic ofa severe respiratory infection accompanied by a dry cough, and often complicated by bronchopneumonia. The disease was given the name 'Balkangrippe'. Dennig, a consultant physician to the German forces operating in the Balkans, saw over 1000 cases and carefully documented the clinical features. The incubation period ranged from 14-26 days. Well over half of the hospitalized cases had bronchopneumonia which was often not clinically detectable. Symptoms usually subsided before resolution of the pneumonia was complete. The white cell count was mostly normal, but leukopenia occurred occasionally. Complications were rare, and the disease had a good prognosis with a mortality of less than I%. The main differential diagnosis was from 'primary atypical pneumonia', which Dennig shrewdly observed was dissimilar in several respects. The aetiology was not known, but it was noted that soldiers who slept on straw or hay were most commonly affected. It was suggested that the disease was transmitted by insects which did not exist in Germany, or were not often encountered there. Dennig felt that the local civilians were rarely affected because they seldom slept on hay or straw.
At the end of February 1942, two sub-units of a Swiss battalion which was camped south of Zurich suffered an explosive epidemic of a severe respiratory infection. Half of the soldiers developed pneumonia. There was no evidence of person-to-person spread. From the descriptive features of the disease it resembled Balkangrippe (Haemig & Heyden 1942) . Imhauser (1948) reported in general terms epidemics in 1942, 1943 and 1944 similar to the one which had affected German troops in the Balkans in 1941. Whilst he gave no indication of the extent of these epidemics, by implication they were no less severe than the outbreak of 1941. The epidemics were given regional names and as well as Balkangrippe the disease was called south-eastern pneumonia, Olympia disease and Euboii fever.
The German forces came under increasing pressure and by June 1944 the Allied forces had conquered Italy south of Rome. In March 1945 the Germans surrendered the north of Italy. Between mid-1944 and early 1945 all the Balkan countries, with the exception of Greece, fell to the Russian army. Territory, and Balkangrippe, had changed hands. From February to April 1945, 511 cases of 'primary atypical pneumonia' were admitted to a British military hospital and a New Zealand military hospital in the Naples area ofltaly. Adams et al. (1946) reported 50 unselected consecutive cases in detail. The disease was similar in all respects to the epidemics that had afflicted the German army. Some idea of the loss of manpower resulting from these outbreaks can be gained from the observation that the minimum period of absence from duty was six weeks. Caughey & Dudgeon (1947) performed a serological investigation on 20 of the cases, almost two years after their illness; 19 had significant levels of complement fixing antibody for Coxiella burneti. It was also found that many of the local inhabitants in the area where these cases occurred had a high antibody titre against Q fever, indicating that the infection was endemic in the civilian population.
During the winter of 1944 and spring of 1945 there were 8 outbreaks of a febrile disease, which resembled primary atypical pneumonia, among Allied troops in Italy, Greece and Corsica. Some features of the disease did not correspond to this diagnosis. Five of the outbreaks were investigated and all produced serological evidence of Coxiella burneti infection. Animal inoculations were performed in three of the epidemics and Coxiella burneti was isolated from the blood of patients (Robbins & Raggan 1946) . Several of the epidemics were notable for an association with hay and straw. Of a group of 160 soldiers billeted in a hay barn, 53 (33%) developed Q fever. In the same area an intensive training programme was carried out which included film presentations in the loft ofa barn. The floor of the loft was partially covered with old, very dusty hay on which the men sat. The attendance of all personnel in the battalion was compulsory. Of approximately 900 men, 267 (30%) became ill with Q fever. Many soldiers of a unit of 202 men used mattress covers stuffed with hay obtained from local farmers; 34 (17%) of them developed 'atypical pneumonia' and another 13 (6%) had febrile undiagnosed illnesses. There was a highly significant correlation between sleeping on hay mattresses and developing the illness, which clinically and epidemiologically resembled Q fever. Seven out of 9 (77%) men of a veterinary detachment who slept in a hay loft, and 26 out of 70 (37%) men who used the room underneath a social centre, developed an atypical pneumonia resembling Q fever.
In May 1945 an epidemic of primary atypical pneumonia occurred in 5 squadrons of an American bomb group which was returning to America from Italy. The source of infection was traced to the disembarkation airfield in southern Italy, in the vicinity of which sheep and goats were pastured. On the last two days before departure there was a general clean up which required walking through stubble and grass throughout the area. The men also slept in the open on ground on the last two nights. The outbreak was serologically diagnosed as Q fever (Commission on Acute Respiratory Diseases 1946a).
Between December 1944 and June 1945, approximately 1700 men of the Allied forces, mainly American and mostly serving in Italy, were known to have suffered from Q fever. An epidemiological investigation (Commission on Acute Respiratory Diseases 1946b) did not establish the reservoir of infection, but the association in most of the epidemics with hay and straw used for bedding and animal life such as pigeons, rats and cattle, was noted. Food and water was considered unlikely as the source of any of the epidemics, person-to-person transfer did not occur in the majority of cases, and there was no evidence of transmission by insect bites. It was concluded that the disease was acquired by inhalation of dust-borne Coxiella burneti. It was also observed that Q fever was an uncommon disease in local populations. In one epidemic involving American soldiers billeted in farm buildings in a small Italian village, none of the civilian inhabitants were obviously affected, but 16 out of 28 had complement fixing serum antibody titres ranging from 1: 10 to 1:40 (Robbins & Raggan 1946) .
. Caminopteris (1948a, b) isolated the agent of Balkangrippe by inoculating guinea pigs with the blood of a patient during an outbreak of the disease in Athens in the winter of 1943/44, during the German occupation. The organism was maintained for 13 months by serial passage in guinea pigs. In May 1945 the Commission on Acute Respiratory Diseases (1946c) received from Caminopteris specimens of blood from three guinea pigs, and identified the organism as Coxiella burneti. Caminopteris (1946) suggested that the Q fever epidemic of 1943 was likely to be the same as the epidemics affecting the German troops in 1941 and 1942. Furthermore, the clinical and epidemiological aspects of the [1941] [1942] [1943] outbreaks were very similar to those in 1945 affecting the Allied troops who occupied the areas formerly held by the Germans.
The numbers of the susceptible Allied troops rapidly dwindled with their repatriation at the end of the war, but Q fever continued to flourish among other troops in the area. Klonizakis (1956) recorded that a large number of soldiers in the Greek army were admitted to military hospitals between 1946 and 1956. Sporadic cases also occurred among sailors based in Salonika, a centre of sheep and goat breeding. It was observed that the worst-affected military camps were in areas where sheep and goats grazed in the vicinity. Soldiers from these camps mainly took their recreation in grazing areas and it was thought that they inhaled dust from infected ground and thus contracted the disease. Q fever usually occurred between September and March and it was noted that this largely coincided with the lambing season. A serological survey of animals from an epidemic area found 2 of 4 sheep, 2 of 133 goats and none of 136 cows to have Coxiella burneti antibodies with titres ranging from 1: 8 to 1:64. Wiesmann (1952) described an epidemic of 66 cases of Q fever in an army recruit training camp in Switzerland in the spring of 1948, and a further epidemic of 53 cases in an air force recruit training camp in the Engadin valley in 1950. The source of infection in the latter appeared to be a rifle range across which sheep grazed. The previous year 162 goats had aborted in the valley during the third and fourth month of pregnancy. It seemed probable that the abortion epidemic was caused by Coxiella burneti, which was demonstrated in the placenta of the animals on microscopy and also by inoculating guinea pigs with placental tissue. The sera of the aborting animals contained complement fixing antibodies against Coxiella burneti in titres of I :40 to I :640.
A small epidemic of 25 cases occurred among American airmen stationed in Libya in February and March 1951 (Fellers 1952) . Sheep and goats were thought to be the source of infection.
In 1955 there was an epidemic of Q fever in Algeria involving 175 soldiers in a French battalion. The epidemic lasted from March until June with the majority of cases occurring in the first fortnight of April. Ten days prior to the first case, the battalion had been transported by train in wagons previously used for horses and sheep, and the floors were covered with manure and straw. The battalion was also quartered in stables which had recently been occupied by horses and sheep belonging to the local regiment (Lods & Darbon 1957) . Those members of the battalion not affected with Q fever were given chlortetracycline daily for 4 days and no fresh cases were said to occur after 48 hours of starting the antibiotic. It was not stated at what stage of the epidemic chlortetracycline prophylaxis was administered. A detailed epidemiological report of the same outbreak does not support the claim by Lods & Darbon for effective chemoprophylaxis (Mimoune et al. 1955) .
A small epidemic occurred on an RAF station in the Isle of Man in March and April of 1958 (Holland et al. 1960) and IO airmen required admission to sick quarters. A serological survey of a squadron of 45 officer cadets showed that almost 50% had antibodies and most of these had suffered symptoms. Ten members of the permanent staff were also positive. The probable source of infection was the shooting range which had been prepared by both cadets and staff. The preparation included cleaning out sheds which had housed sheep and where lambing had probably taken place.
There appear to have been no further military outbreaks of Q fever until the Cyprus epidemic of 1974.
Discussion
These reports undoubtedly show that Q fever is a disease of military significance for which preventive measures need to be taken. In epidemics where numbers were recorded, the loss of manpower ranged from 23-77 0 0 and the operational efficiency of some units must have been seriously impaired.
The very nature of military activities in sheep and goat-rearing countries produces factors peculiar to that situation which puts military forces at special risk of contracting Q fever. The risk is high when warfare causes massive flock migrations and the mixing of infected and susceptible flocks, with a rapid spread of infection and contamination of the environment, as occurred in the Cyprus epidemic. This epidemic, and the report of Klonizakis (1956) , also showed that the risk reaches a peak during the lambing season when environmental contamination by infected placentae is maximal.
On the available epidemiological evidence sheep and goats were the main, and possibly the only significant, source of Q fever. The infection appeared to be acquired almost entirely by inhalation of dust-borne rickettsiae. Ingestion, person-to-person spread, and tick bites, seemed to have played little or no part in the propagation of the disease. The commonest vehicle of transmission was contaminated hay and straw, often from the previous season or year. Mostly it was used by soldiers for bedding, but the use of barns and lofts containing hay and straw as administrative and leisure accommodation also contributed largely to the outbreaks. The risk of contracting Q fever could be greatly diminished by banning the use of these materials for bedding, and the clearing and burning of hay and straw, by men wearing protective masks and clothing, from farm buildings prior to occupation. Sleeping on the ground in the open in pasture land, the use as accommodation of stables previously occupied by sheep, and the sharing of a shooting range with grazing flocks, all resulted in outbreaks of Qfever. The risk of contracting the disease by these mechanisms could largely be avoided by excluding flocks from military areas. In practice this may not always be possible to achieve, and a compromise of segregating flocks within a military area may have to be accepted. Early in the Cyprus epidemic the source and mode of infection were known, but the political climate, and the plight of the refugee shepherds and their flocks, were against excluding them from the Sovereign Base Area.
In assessing the risk of Q fever to nonindigenous military groups, no account should be taken of the apparent absence of the disease in a local population, for, as the Commission on Acute Respiratory Diseases (1946b), Caughey & Dudgeon (1947) , and the experience of the Cyprus epidemic showed, there may be a high level of acquired immunity. Human and serological surveys are also unhelpful in a military context, other than to show the presence or absence of the disease at some time in the preceding 5 years ,Spicer 1978 . As sheep antibodies persist for only up to 220 days (Babudieri & Ravioli 1952 ) and appear to be indicative of active infection, regular serological surveys of flocks adjacent to military areas would provide current and direct evidence of the potential risk of a Q fever epidemic.
The occurrence of an unusual number of abortions in nearby flocks should immediately initiate a serological survey. This could provide early warning of gross environmental contamination by Coxiellaburnetiand allow preventive measures to be taken. Whilst abortion epidemics caused by this organism appear to be rare, they create a high-risk situation and the risk may be long-lasting. In Cyprus the Q fever and abortion epidemics occurred simultaneously, but the military Q fever epidemic described by Wiesmann (1952) occurred a year after an abortion epidemic among goats in the same yalley. Tiggert & Benenson (1956) showed that tetracycline, in a dose of 3 g daily for 6 days, taken late in the incubation period, prevented the appearance of symptoms in a group of volunteer soldiers experimentally infected with Coxiellaburneti. There is only one account of chemoprophylaxis in a military epidemic (Lods & Darbon 1957) and as the report is incomplete in several respects the outcome must be considered inconclusive. Chemoprophylaxis for individuals or groups at short-term risk of developing Q fever, particularly if they perform essential roles, may be of value. Long-term prophylaxis with the dosage of tetracycline used by Tiggert & Benenson cannot be recommended, and no study appears to have been undertaken with tetracycline at lower dosage levels.
Immunization oftroops proceeding to Qfever areas may well be the best preventive measure of the future, but at the present time there is no generally acceptable vaccine. However, even with a safe and effective vaccine and good medical intelligence, Q fever, like other infectious diseases, will continue to present a threat to the health of troops at unexpected times and places. Knowledge of the basic preventive measures in a military situation may avert an epidemic and the consequent wastage of manpower and resources.
Summary
Q fever is undoubtedly a disease of military significance. Whilst so far it has only been described in troops operating in Mediterranean countries, the Balkans and southern Europe, it is a potential hazard for nonindigenous soldiers in at least 51 countries on 5 continents. Sheep and goats are the main source of infection, and the disease is almost entirely acquired by inhalation of dust-borne rickettsiae from an environment contaminated with infected placentae. The commonest vehicle of transmission is infected hay and straw.
On the available evidence, Q fever is simply and largely preventible as a significant military disease by implementation of the following measures: (I) Education on the source and methods of infection. (2) Banning the use of hay and straw for bedding, and the clearing and burning of hay and straw fromfarm buildings prior to occupation. (3) The exclusion of sheep and goats from military areas. (4) Regular serological surveillance of flocks adjoining military areas for evidence of heavy infection by Coxiella burnet;' (5) Vigilance for an unusually high incidence of abortion in flocks adjoining military areas, which should initiate an immediate serological survey to determine the possibility of gross environmental contamination by the Q fever organism. (6) The possible use of short term prophylaxis with tetracycline for limited exposures to Q fever.
